Patients with chronic HBV infection have been reported to suffer a significantly increased risk of NHL, but the underlying mechanisms remain to be clearly explained. The aim of the present study was to clarify the relationship between chronic HBV infection and NHL development. Fluorescence-activated cell sorting, Annexin V/7-aminoactinomycin D staining and MTS assay were used to analyze the rate of apoptosis and cell viability. In addition, western blotting was used to detect protein expression. The effects of the activator of SIRT1, SRT1720, and the inhibitor of SIRT1, nicotinamide, were also analyzed. The expression levels cytokines and chemokines were determined by multiplex assay. Hepatitis B surface antigen (HBsAg) was demonstrated to increase the viability of the human peripheral B lymphoblastoid cell line, IM-9, in a dose-and time-dependent manner. HBsAg also decreased histone H3 acetylation and p21 expression at the molecular level. HBsAg upregulated the expression of anti-apoptotic B-cell lymphoma-extra-large and B-cell lymphoma 2 proteins, and inactivated the intrinsic apoptosis pathway by reducing BCL2 associated X, apoptosis regulator expression and increasing the expression of sirtuin 1 (SIRT1) and nuclear factor-κB (NF-κB). HBsAg also altered the levels of certain chemokines and cytokines, including interleukin (IL)-4, -10 and -12, C-X-C motif chemokine 10 and C-C motif chemokine ligand 5. Inhibition of SIRT1 suppressed the effects induced by HBsAg. The anti-apoptotic effect of HBsAg in IM-9 cell lines occurred via the promotion of cell viability, inhibition of apoptosis, regulation of chemokines and cytokines, acetylation of histone H3 and alteration of SIRT1 and NF-κB expression. In conclusion, chronic stimulation with HBsAg promoted the viability of the human B lymphoblastoid cell line, IM-9, through regulation of the SIRT1-NF-κB pathway. This may be an underlying mechanism of HBV-associated NHL.
Introduction
Hepatitis B virus (HBV) causes acute and chronic infectious disease of the liver. Cirrhosis and liver cancer may eventually develop in these patients (1) . An estimated 350 million individuals worldwide are currently experiencing chronic infection (2) , and each year >750,000 people succumb to infectious diseases associated with HBV.
Sustained positive expression of hepatitis B surface antigen (HBsAg) is positively correlated with B-cell non-Hodgkin lymphoma (NHL) (3) . According to epidemiological studies performed over the last decade, the risk of patients infected with HBV developing NHL was 1-2-fold higher than non-infected patients. Furthermore, HBV infection (HBsAg-negative, HBV DNA-positive) is also linked with the development of NHL (3) . Although HBV infection may accompany other hematological malignancies, there is less available evidence to demonstrate the association between HBV and NHL (3) .
As HBV potentially serves an etiological function in the development of lymphoma, it is necessary to explore whether HBV is also able to infect and replicate in lymphoid and hematopoietic cells. HBV is known to exist in extrahepatic sites (4) . Furthermore, HBV nucleic acids have also been demonstrated to exist in the lymph nodes, spleen, kidneys, adrenal glands, gonads, thyroid gland and pancreas in patients with acute HBV infection (5) .
In order to investigate this, it is necessary to determine whether the hematologic malignancy of HBV-positive patients with NHL regresses under antiviral therapy. A direct demonstration that HBV is involved in the development of NHL will offer a positive answer. In addition, if HBV contributes to lymphomagenesis, HBV vaccination will reduce the incidence of NHL, even though this impact may only be observed following a long time interval (3, (6) (7) (8) . A number of case-control studies concerning HBV with large cohorts have been published (9) (10) (11) . In addition, a meta-analysis has reviewed these studies, and the pooled odds ratio demonstrated the rarity of the disorder, and was consistent with a significant association or benefit estimation to relative risk (RR) (12) .
No adequate data concerning the potential association between major NHL subtypes and HBV is available to assess. A previous large-scale cohort study concerning South Korean people and their families from 1992-1995 has been performed (7) . According to a previous study, positive expression of HBsAg resulted in a consistently increased risk of developing NHL during the whole 14 years of follow-up (7) .
The relationship between HBV and NHL may have been underestimated due to patients with occult hepatitis infection. Occult HBV infection has been defined as patients who test HBsAg-negative but HBV DNA-positive in tissues, serum or a combination (13) . HBV DNA may only exist in tissues in certain cases; hence, HBV DNA may be non-existent in the serum of patients with occult HBV. Although complete HBV elimination occurs in certain cases, this is considered to be rare at present (14, 15) . HBV DNA with replication ability may exist in the lymphocytes, liver or a combination for a long time. According to previous studies concerning the detection of HBV DNA in the serum, occult HBV infection further increased the relationship between NHL and HBsAg-positive chronic lymphocytic leukaemia (16) (17) (18) . Certain individuals, who may be HBV DNA-positive in the lymphocytes, hepatocytes or a combination but negative in the serum, would potentially further influence the relationship between NHL and HBV infection. The mechanism of HBV-associated lymphoma remains indistinct, but the etiopathogenic function of HBV may help to construct a multifactorial model for lymphomagenesis. The aim of the present study was to answer these unresolved questions.
Materials and methods
Cell culture. The human peripheral lymphoblastoid cell line IM-9 (CCL-159) was obtained from the American Type Culture Collection (Manassas, VA, USA). This cell line resulted from human B lymphocytes without tumor features that were immortalized with the Epstein-Barr virus, and are useful for genetic or functional research as they preserve the genetic characteristics of the lymphocyte B donor (19) (20) (21) . The IM-9 cells were cultured in RPMI-1640 medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 15% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid and glutamine (Biowest, Nuaillé, France), 100 µg/ml streptomycin and 100 U/ml penicillin (Thermo Fisher Scientific, Inc.). Cells were cultured in a humidified 5% CO 2 atmosphere at 37˚C. Incubations with different concentrations of HBsAg (100, 200 and 400 µg/ml) were performed under these conditions. DMSO (0.1%) was used as control. were acquired from GE Healthcare Life Sciences (Chalfont, UK). The activator of SIRT1, SRT1720 (SRT), was purchased from Calbiochem-Novabiochem Corporation (San Diego, CA, USA), and the inhibitor of SIRT1, nicotinamide (NAM), was obtained from Sigma-Aldrich (Merck KgaA, Darmstadt, Germany).
Regents
Western blotting. A lysis buffer [0.1% SDS, 50 mM Tris (pH 8), 150 mM NaCl, 0.5% sodium deoxycholate, 0.02% NaN 3 and 1% NP-40] containing a protease inhibitor cocktail (Roche Applied Science, Penzberg, Germany) and 1 mM phenylmethylsulfonyl fluoride was used to extract lysates from cells. A Bradford assay with Coomassie Plus Protein Reagent (Thermo Fisher Scientific, Inc.) was used to measure protein concentrations. A Biolad system was used to perform western blotting assays. Protein (50 µg) was loaded in each well of a 12% gel for electrophoresis, then transferred to a polyvinylidene fluoride membrane. Non-specific binding was blocked with 1X TBST containing 5% dry skimmed milk, with agitation, at room temperature for 1 h. The membrane was incubated with the primary antibody solution overnight at 4˚C, then with the secondary antibody, with gentle agitation, for 1 h at room temperature. The protein bands were detected using an enhanced chemiluminescence reagent, purchased from GE Healthcare Life Sciences, to expose X-ray film.
In vitro viability assay. Cells (0.5x10 6 cells/ml) were plated in 6-, 12-, and 24-well plates. Cell viability was assessed using the nonradioactive MTS cell viability assay (22) . Briefly, 20 µl Cell Titer 96 AQueous One Solution reagent and 80 µl cell suspension were cultured in 96-well plates for 1 h in a 5% CO 2 atmosphere at 37˚C. Formazan absorbance was then measured at 490 nm on a Quant plate reader assembled with KC4 software (Biotek Instruments, Inc., Winooski, VT, USA). The measurement was repeated in triplicate and the means were obtained.
Detection of apoptotic cells with flow cytometry.
Using Annexin V staining, fluorescence-activated cells sorting analysis was performed following treatment of the cells with HBsAg (100, 200 and 400 µg/ml; incubated at 37˚C for 48 h) and/or SRT (10 µM; incubated at 37˚C for 12 h) or NAM (300 µM; incubated at 37˚C for 1 h). DMSO was used as negative control. Cells were harvested and stained with Annexin V and 7-aminoactinomycin D from an Annexin V-Fluorescein Isothiocyanate Apoptosis Detection kit (BD Biosciences, Franklin Lakes, NJ, USA) according to the manufacturer's protocol. Flow cytometry was performed using a FACScan flow cytometer (BD Biosciences) and FlowJo software version 10.2 (FlowJo LLC, Ashland, OR, USA).
ELISA. IM-9 cells were cultured, as previously described, with 100, 200 or 400 µg/ml HBsAg for 24-72 h. DMSO (0.1%) was used as a negative control. The cells were then centrifuged at 3,000 x g for 10 min in room temperature and the supernatant collected. The Human Thirty-Plex Antibody Bead kit (Invitrogen; Thermo Fisher Scientific, Inc.) was then used according to the manufacturer's protocol to detect C-X-C motif chemokine 10 (CXCL10, also known as IP-10), interleukin (IL)-4, -10 and -12 and C-C motif chemokine ligand 5 (CCL5, also known as RANTES) levels. The assay was performed in triplicate.
Statistical analysis. Normally distributed, continuous variables were represented as the mean ± standard deviation. Comparisons of quantitative data between groups were performed using a paired Student's t-tests or analysis of variance. Abnormally distributed data were analyzed using Kruskal-Wallis tests. All statistical analyses were conducted using SPSS software version 18.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
HBsAg promotes IM-9 cell viability in a dose-and time-dependent manner. To assess the impact of HBsAg in the IM-9 cell line in vitro, cell viability was measured using the MTS assay. IM-9 cells were cultured with PBS or HBsAg (100, 200 and 400 µg/ml) for 24 ( Fig. 1A), 48 (Fig. 1B) and 72 h (Fig. 1C) . The results revealed that the HBsAg-induced increase in viability relied on dose and time.
HBsAg reduces apoptosis in a dose-and time-dependent manner. To assess the in vitro impact of HBsAg in IM-9 cell lines, its effect on apoptosis was measured. IM-9 cells were cultured with PBS or HBsAg (100, 200 and 400 µg/ml) for 24 ( Fig. 2A) , 48 ( Fig. 2B ) and 72 h (Fig. 2C) . Cell apoptosis was subsequently determined by Annexin V/7-aminoactinomycin D staining and fluorescence activated cell sorting analysis, which revealed that the HBsAg-induced decrease in apoptosis rate relied on dose and time.
HBsAg decreases the expression of histone H3 acetylation and p21. IM-9 cells were cultured with HBsAg for 48 h, and then western blotting was performed. A general characteristic of histone deacetylases is to decrease the expression of carcinoma suppressor genes by deacetylating histones, including p21 (23) . Therefore, the impact of HBsAg on p21 expression and histone H3 acetylation was measured. Acetylation of histone H3 and p21 expression was observed at each concentration at 48 h. HDAC1 expression was measured as a positive control. The results revealed that HBsAg decreased the expression of p21 and histone H3 acetylation in a dose-dependent manner (Fig. 3) .
HBsAg upregulates the expression of anti-apoptotic Bcl-2 family proteins, and inactivates the intrinsic apoptosis pathway.
Expression levels of components of the apoptosis pathway were also analyzed. IM-9 cells were cultured with HBsAg for 48 h and western blotting was performed. Caspase-3 and -8 expression increased following treatment with HBsAg (Fig. 4) . Furthermore, HBsAg treatment resulted in the upregulation of SIRT1 and NF-κB in a dose-dependent manner. However, the level of caspase-9 remained unchanged, implying that the intrinsic apoptosis pathway contributed to the inhibition of the apoptosis process induced by HBsAg (Fig. 4) . HBsAg also upregulated the expression of anti-apoptotic Bcl-xL and Bcl-2 proteins, and inactivated the intrinsic apoptosis pathway by downregulating Bax and increasing the expression of SIRT1 and NF-κB (Fig. 4) .
HBsAg affects the expression levels of multiple chemokines and cytokines. NHL with dysregulated cytokines may cause the immune system to fail to respond to carcinoma cells (24) . Thus, the expression levels of multiple chemokines and cytokines were detected with a Human Thirty-Plex Antibody Bead kit in IM-9 cells treated with or without 100, 200 or 400 µg/ml HBsAg for 48 h to examine whether HBsAg influenced production of these cytokines. The expression levels of cytokine IL-12, chemokines IP-10 and RANTES, which contribute to Th1 cell differentiation and recruitment, were all significantly decreased following treatment with HBsAg. IP-10 is a ligand for C-X-C motif chemokine receptor 2 and RANTES is a ligand for C-C motif chemokine receptor (CCR)5 and CCR3. IL-10, which is a pivotal growth factor of NHL cancer cells, increased significantly, as did IL-4, which is necessary for Th2 cell differentiation. HBsAg elevated the levels of IL-10, and IL-4, but reduced the levels of IP-10, IL-12, and RANTES (Fig. 5) .
Inhibition of SIRT1 suppresses the effects induced by HBsAg.
IM-9 cells were cultured with PBS or HBsAg (200 µg/ml) for 48 h, and then treated with SRT (10 µM) or NAM (10 mM) for a further 48 h (25) . Cell viability was determined, and the HBsAg-induced increase of cell viability was demonstrated to be promoted by SRT and inhibited by NAM (Fig. 6A) . The rate of cell apoptosis was then determined, which revealed that the anti-apoptosis effect of HBsAg was promoted by SRT and inhibited by NAM (Fig. 6B) . The downregulation of histone H3 acetylation and p21 induced by HBsAg was increased by SRT and inhibited by NAM (Fig. 6C) . Furthermore, the upregulation of SIRT1 and NF-κB induced by HBsAg was increased by SRT and inhibited by NAM (Fig. 6C) .
Discussion
HBV is well-known to be associated with NHL. However, whether these associations reveal causal relationships remains open to discussion. There are three possibilities that may account for these relationships. First, as a result of that the carcinoma itself directly suppressing the immune system, the risk of viral infection or reactivation increases. Unfortunately, this explanation lacks evidence. According to a number of studies concerning patients with newly diagnosed disease, significant immune deficiency was not discovered prior to any treatment intervention (26, 27) . Secondly, another unknown virus sharing a similar transmission mechanism with the hepatitis virus may represent the actual oncogenic stimulus. Due to the lack of evidence, this hypothesis remains unclarified. The third possibility is that hepatitis viruses serve an oncogenic function in the development of NHL. This possibility and applicable mechanisms are explored in the next section. In fact, the association between NHL and HBV is not strong, because the RR is within the 2-3 range. This is less than the relationship between HBV infection and HCC (12) . For example, one of the highest RR of HBV carriers for HCC is ~200 (28) .
As discussed in a previous publication, the causal association between HBV and NHL has not been conclusively demonstrated, but the evidence suggests the existence of a positive relationship between them (6). This causal relationship may be HBV-driven. The first potential mechanism is that HBV infection directly leads to the development of carcinoma. HBV is known to infect and replicate within lymphocytes, but although infection may bring about neoplastic transformation, this is not the inevitable result of viral replication. HBV that integrate in the host genome may result in high expression of cellular oncogenes or low expression of tumor suppressor genes (29, 30) . The second potential mechanism is similar to a commonly explained model of HCV-driven lymphomagenesis (6) . This is known as chronic antigenic stimulation. This mechanism does not need to involve the infection of lymphocytes. With the infection of hepatocytes there is sufficient infective virus and viral antigens to support chronic, antigen-driven proliferation and stimulation of lymphocytes. This is likely to autonomously induce neoplastic transformation and proliferation, because chronic antigenic stimulation may lead to a predisposition to genetic aberrations, induction of double stranded DNA breaks and translocation or overexpression of proto-oncogenes (3). However, whether HBV is merely involved in the initial stages of neoplastic or contributes to continuous neoplastic viability remains to be demonstrated.
In the present study, the human peripheral lymphoblastoid cell line, IM-9, was cultured with HBsAg to imitate chronic antigenic stimulation. HBsAg was demonstrated to promote cell viability and to reduce apoptosis in a time-and dose-dependent manner in IM-9 cells. The underlying mechanism was the dose-dependent decrease in histone H3 acetylation and p21 expression. Furthermore, HBsAg upregulated the expression of anti-apoptotic Bcl-2 family proteins, and inactivated the intrinsic apoptosis pathway. Caspase-3 and -8 increased following treatment with HBsAg. HBsAg also induced the upregulation of SIRT1 and NF-κB in dose-dependent manner, and induced the increased expression of the anti-apoptotic Bcl-xL and Bcl-2 proteins. In addition, HBsAg inactivated the intrinsic apoptosis pathway through upregulating the expression of NF-κB and SIRT1 and decreasing the expression of Bax.
Dysregulated cytokines in NHL may cause the immune system to fail to respond against carcinoma cells (24) . A Human Thirty-Plex Bead kit was used to analyze the impact of HBsAg on cytokine and chemokine production. The results demonstrated that HBsAg regulated the level of multiple chemokines and cytokines, including IL-4, IL-10, IL-12, IP-10, and RANTES. HBsAg increased levels of IL-4 and IL-10 while it decreased levels of RANTES, IP-10 and IL-12.
Mammalian SIRT1, the ortholog of yeast Sir2, is a class III histone deacetylase whose activation is dependent on nicotinamide adenine dinucleotide in the nucleus (31, 32) . It deacetylates histones and a large number of non-histone substrates, including the forkhead box class O family (33) (34) (35) . High expression of SIRT1 is often detected in prostate cancer, glioblastoma and primary colon cancer, and it inactivates proteins that participate in DNA damage repair and tumor suppression (36) . Consequently, SIRT1 is considered to be a tumor promoter.
In the present study, IM-9 cells were cultured with PBS or HBsAg (200 µg/ml) for 48 h, and then treated with activator of SRT or NAM for a further 48 h (25) . Cell viability was then determined, and the data revealed that the increase in cell viability induced by HBsAg was promoted by SRT and inhibited by NAM. Cell apoptosis levels were then determined, and the anti-apoptotic effect of HBsAg was promoted by SRT and inhibited by NAM. The downregulation of histone H3 acetylation and p21 expression induced by HBsAg was increased by SRT and inhibited by NAM. Furthermore, the upregulation of SIRT1 and NF-κB induced by HBsAg was increased by SRT and inhibited by NAM.
In conclusion, HBsAg was demonstrated to induce an anti-apoptotic activity effect in IM-9 cells via a number of mechanisms, including promotion of cell viability, inhibition of apoptosis, regulation of chemokines and cytokines, alteration of SIRT1 and NF-κB expression and a decrease of histone H3 acetylation. Consecutive stimulation with HBsAg promoted the viability of a human B lymphoblastoid cell line, IM-9, through regulating the SIRT1-NF-κB pathway. This may be a potential mechanism underlying HBV-associated NHL.
